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To estimate variations in intra- and interindividual mea-
surements of the corrected QT (QTc ) interval, duplicates
of 50 twelve lead electrocardiograms (100 photocopies,
paper speed 50 mm/s) were given to each of nine inves-
tigators in random order. The electrocardiograms were
recorded from patients with acute myocardial infarction
consecutivelyadmitted to a coronary care unit. Patients
receiving drug therapy and those manifesting various
arrhythmias were included. Two-way analysis of vari-
ance was used to evaluate the results from all 900 QTc
measurements. Significant differences in these measure-
The prolonged corrected QT (QTc) interval and its relation
to malignant arrhythmias and cardiac death are topics of
growing interest (1,2). Among the factors that influence the
QT interval are heart rate (3,4), serum electrolytes (5-7)
and medications (8-13). Measurement of both the QT and
the RR interval from the electrocardiogram may cause errors
in determination of the QTc value and influence interpre-
tation of the QTc interval. Interobserver variation is often
not a problem because in most published studies the QTc
values presented have been obtained by one investigator
only. However, to be able to compare results and absolute
values from different studies and also to assess possible
upper and lower normal limits of the QTc interval, it is
important to evaluate the interindividual as well as intrain-
dividual variations of the QTc measurements. This study
was performed to estimate these variations.
Methods
Electrocardiograms. Fifty 12 lead electrocardiograms
were collected from 50 consecutive patients with acute myo-
cardial infarction receiving treatment in the coronary care
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ments were registered among investigators and were of
major importance (p < 0.001). This finding illustrates
the difficulty in comparing mean values from different
studies and emphasizes the difficulties in applying limits
for a normal QTc interval to data obtained by different
observers. Of less but still significant importance was
the interaction between the investigator and electrocar-
diogram (p < 0.001). Finally, the random error was
calculated and proven to be of no importance «0.5 mm)
when more than 11 measurements were performed.
(J Am Coli CardioI1985;5:699-702)
unit. Arrhythmia strips were included. Duplicates of these
12 lead electrocardiograms were made so that four nurses
and five doctors who worked in the coronary care unit each
received 100 photocopies for evaluation (in random order).
All nine observers were experienced in reading electrocar-
diograms, but not specifically in determining the QT inter-
val. They were not informed that 50 of the 100 electrocar-
diograms given to them were duplicates, and the photocopies
were identified by number only. From these electrocardio-
grams, recorded on an inkjet recorder (Siernens-Elema,
Sweden) at a paper speed of 50 mmls, the readers were
requested to measure the QT and RR intervals in three to
five consecutive beats.
Measurements. The QT and RR values were averaged,
and from the mean values, the corrected QT (QTc) interval
was calculated according to Bazett's formula (3,4): QTc =
QT/vRR. The measurement was made in the single lead
with the longest QTc interval with an accuracy of 0.5 mm
(1 cs), from the beginning of the QRS complex to the end
of the T wave where its terminal limb joined the baseline.
Care was taken not to measure intervals preceded by pre-
mature beats or to include U waves in the QT intervals.
Statistical analysis. Classic two-way analysis of vari-
ance (14) was used to evaluate the results from all 900
electrocardiograms.
Results
The outcome of the two-way analysis of variance is pre-
sented in Table 1. Differences between the mean values of
0735-1097/85/$3.30
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Table 1. Outcome of Two-Way Analysis of Variance Fromthe
9 x 2 x 50 Electrocardiographic Readings
QTc QT RR
Differences between p < 0.001 P < 0.001 P < 0.001
electrocardiograms
Differences between investigators p < 0.001 P < 0.001 P < 0.001
Interaction between investigator p < 0.001 P < 0.001 NS
and electrocardiogram
Standard deviation of random 1.67 1.48 5.41
errors (cs)
NS = not significant.
the 2 x 50 tracings for each investigator and the overall
mean for the 9 x 2 x 50 readings are shown in Table 2.
Discussion
Visual determination of QTc interval. Significant dif-
ferences between the electrocardiograms were to be ex-
pected because they were in fact different. The use of du-
plicates made it possible to separate the random error from
the interaction between the investigator and the electro-
cardiogram.
Ifcaused solely by the random error, differences between
each investigator's QTc mean value and the overall mean
would not be expected to exceed approximately ±0.33 cs
(1.67 x I. 96/YlOO). However, six of nine investigators
showed greater differences. For instance, the mean value
of investigator 2 exceeds that of investigator 9 by 2.86 cs
(Table 2). This illustrates the difficulty in comparing mean
values from different studies and emphasizes the difficulties
in applying limits for a normal QTc value to data obtained
by different observers.
An interaction between the investigator and the electro-
cardiogram was also present in this study (Table 1). This
implies that different measurement procedures were used.
Accordingly, some investigators may have underestimated
Table 2. Differences Among the Mean Values of the 100
Tracings (duplicates from 50 patients) for Each Investigator and
the Overall Mean Value for the 9 x 2 x 50 Readings
Electrocardiographic Intervals (cs)
Investigator RR QT QTc
I 0.04 -0.17 -0.13
2 0.06 1.65 1.77
3 -1.67 0.89 1.03
4 0.18 0.22 0.25
5 1.17 0.07 -0.Q7
6 1.10 -0.15 -0.40
7 0.13 -0.66 -0.67
8 -0.52 -0.69 -0.69
9 -0.47 -1.14 -1.09
Overall mean (cs) 83.8 38.8 42.4
long QT values and overestimated short ones, while others
may have done the reverse. Although significant, this in-
teraction was of little importance in relation to differences
between investigators since the following variance ratios
were obtained for the QTc: difference between investiga-
tor/interaction between the investigator and the electrocar-
diogram = 80.5/6.2 and interaction between the investi-
gator and the electrocardiogram/random error = 6.2/2.8.
For the uncorrected QT interval, the corresponding values
were 71.5/3.9 and 3.9/2.2, respectively.
Taking random error into account, the measurement per-
formed by one investigator of a given electrocardiographic
strip may vary between ± 3.3 cs for the QTc value (1.67 x
1.96), between ± 2.9 cs for the QT interval and between
± 10.6 cs for the RR interval (approximately 95% confi-
dence interval). Converted into millimeters, this is approx-
imately ± 1.5 mm for the QTc and QT intervals and
± 5.5 mm for the RR interval with a paper speed of 50
mm/s. Thus, when mean values are made of more than 11
measurements, the importance of random error in the de-
termination of QTc is less than can be measured, that is, I
cs or 0.5 mm at a paper speed of 50 mm/s. The correspond-
ing value for the QT interval is nine measurements. Thus,
random error of QTc and QT interval is of no importance
in relation to differences between investigators when mean
values of at least 11 and 9 electrocardiograms, respectively,
are studied.
lnterobserver as well as intraobserver variation has
sometimes been presented as part of the methods used.
Puddu et al. (15) reported the variation between two ob-
servers to be 1 cs and their intraobserver variation to be
0.5 cs when measurements were performed in 10 electro-
cardiograms randomly chosen (paper speed 50 mm/s). They
excluded patients with bundle branch block and atrioven-
tricular conduction defects, so patients with other arrhyth-
mias may have been included. In accordance with these
investigators, QT intervals in the study presented here were
measured from several leads. Also, the electrocardiograms
of these 50 patients with acute myocardial infarction contain
both ventricular and atrial arrhythmias such as atrial fibril-
lation, which to some extent explain the high degree of
variation obtained in the measurement of the RR intervals.
Meller (16) measured the QT interval in 100 consecutive
patients after myocardial infarction and used lead II when-
ever possible. From 40 randomly chosen electrocardio-
grams, he found intrareader variability to be 1.1 cs (paper
speed 50 mm/s). Haynes et al. (17), in their study of re-
polarization abnormalities in survivors of out of hospital
ventricular fibrillation, excluded patients with bundle branch
block and also performed QT and RR interval measurements
in lead II only. Because of the presence of artifact or flat
or biphasic T waves in lead II (which was also the case in
this study because it included electrocardiograms only from
the very acute phase of myocardial infarction), they did not
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perform these measurements in 20 of 223 patients in their
study. Among 20 randomly chosen electrocardiograms, the
intrareader variability was reported to be 1.0 cs and the
interreader variability 1.2 cs.
As part ofa previously published study (18). we measured
the QT interval in leads I, If, VI and VI> and consistently
found this interval to be longer in lead VI> than in lead II
(unpublished data). Furthermore, drug therapy may consid-
erably alter the T wave in various leads (19), also supporting
the view that to obtain as much information as possible, the
QT interval measurements should be made using multiple
leads (20-22), as has been performed in this study.
Computerized QT interval measurements. Comput-
erized electrocardiography will perhaps decrease the errors
in QTc interval measurements compared with standard visual
interpretation. However, thus far the algorithms for signal
processing of the different intervals and waveforms, espe-
cially the end of the QT interval, are not well defined unless
normal electrocardiograms from healthy subjects are ana-
lyzed. In two such recent studies (23,24), the end of the
QT interval was determined by procedures adapted to the
method suggested by Lepeschkin and Surawicz (20). In one
study (24), the peak of the T wave was located and, by
using a moving average method over 2.0 cs intervals, the
scanning continued until the maximal negative slope of the
T wave was found. The intersect between the isoelectric
line and the least squares line then marked the end of the
T wave. This technique was validated with visual mea-
surements and a high correlation coefficient of 0.9830 was
achieved. This can be compared with measurements of the
QRS duration in 1961 when in 37% of cases these deter-
minations exceeded visual calculations by more than 2.4 cs
(25). Still more validation studies of the different programs
including a large amount of data are necessary. Such an
international study involving 18 institutions has been or-
ganized by Willems (26).
From recent studies (23,24,27-33), it is obvious that
advances in electronics with high resolution techniques will
make computer measurements of the different electrocar-
diographic variables clinically useful. Furthermore, com-
puter techniques allow time expansion of waveforms, which
is sometimes beneficial because most tracings are recorded
with a paper speed of 25 minis.
Future prospects. With the use of a microprocessor-
based electrocardiographic system, Goldberger and Bhar-
gava (34) were able to extract the QRS complex from the
surrounding lower frequency PR and ST segments by using
a 50 to 300 Hz phaseless digital filter. This technique can
be useful if all waveforms can be accurately separated in-
dependent of variations in slope or configuration. Further-
more, filter techniques will also be able to extract the wave-
forms from noise (24,31-34), which may vary among different
leads (24,32).
With computers, the absolute spatial vector velocity can
also be calculated from the time-coherent X, Y and Z leads.
Mathematically a plane in space called the Eigenplane can
be created (35-37), which will include more information
than a single standard electrocardiographic lead.
Conclusions. This presentation has focused on the prob-
lems of the visual determination of the QTc interval from
electrocardiograms obtained during the acute phase of myo-
cardial infarction. The random error of QT interval mea-
surements was found to be of no importance when deter-
minations from at least nine electrocardiograms were
performed. A significant difference was found among in-
vestigators as well as a significant interaction between the
investigator and the electrocardiogram. If only one validated
computerized program is used in electrocardiographic read-
ings, there will be no differences among investigators; in
addition, the interaction between investigator and electro-
cardiogram will be constant. Consequently, comparisons
among studies can be facilitated. However, visual interpre-
tation should still be used as a reference standard in the
validation of computerized electrocardiographic programs.
I gratefully acknowledge Rein Maasing for statistical assistance and the
nine investigators for electrocardiographic readings.
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